Val Watson
NASA Ames Research Center

The hardware and software currently used for visualization of fluid dynamics at
NASA Ames is described. The software includes programs to create scenes (for
example particle traces representing the flow over an aircraft), programs to
interactively view the scenes, and programs to control the creation of video tapes
and 16mm movies. The hardware includes high performance graphics
workstations, a high speed network, digital video equipment, and film recorders.

With the current workstations, a scientist can interactively view flow over
simplified objects, such as the flow over a circular cylinder. For complex objects,
such as an aircraft, the workstation creates each picture too slowly to gain a sense of
the dynamics of the flow. Therefore, each picture is stored frame by frame on a
video tape or 16mm film and then the video or movie is played back at normal
speed to illustrate the flow dynamics.

The upgrade in workstations planned for this year is expected to permit moderately
complex pictures (pictures that can be represented by 10,000 polygons or less) to be
created at a rate of 10 frames per second --- fast enough to gain a sense of the flow
dynamics. Therefore, these workstations should permit interactive viewing of the
flow over complete aircraft rather than just simple objects. Upgrades planned this
year for software should provide a more effective interface for controlling the
interactive viewing.

A comparison of the upgrades planned this year with an ideal simulation and
visualization environment shows that there is still potential for major
improvements in both software and hardware. The greatest potential for
improving the environment is the development of software to extract and illustrate
the essence of very complex phenomena.

Results presented by other scientists during this conference clearly demonstrate the
effectiveness of the current visualization tools for assisting in the understanding of
complex simulations, but it is also clear that we are a long way from utilizing
visualization tools to their full extent.

451



SUOISN[OUO))
sjuduwaAoIdunn Jayny J0J [enualod
1eaA siy) 10] pauue]d sopeiddn
ST00} JUALIND Y} PIM sanifiqede)

SO0} UOTIBZI[ENSIA JUALIND S,V SVN

U0

452



UOIRISYIO A\ 1ndwooradng

JIBAPIB] UOIJCZIJENSIA

453



s10jTuow pue Iydury

10091100 9se(q QI
WASAS | 8885%.0:%%
ISt | HSIN k umoys JON
PosiNensp | 1opiodoy
OPIA uonejsyIo \\
S1991d
[ensig ISIN uonn[osal Y3y |g
(s21 mOD) 0L) SU
OSIN| [|royoimg je— d| 1o10Au0)
Y le— Iopoouy [*D]
03piA [SSIN| P e wwos

W9ISAG SUIPIOJIY OJPTA

454



<«<——1 sy —>
< did >
€ ANV TdD —>
< JINS >
€ ASLOTd >
OJPIA pue| uorjedr)
W[ U0 |2douanbag [SuimarA (uonear)
SUIPIOIIY [UOTIBWIUY| QUG | QUG

SUIpI0d9Y pue UOTIBZI[BNSIA

UoUB[NWIS

3IeM}JOS

455



5102(qo p1[0s Xo[dwod Jo uorensn[[I OTWRUA(
W] IO 09PIA [IIM SUIMIIA forqAR]d

s109[qo prjos x9[dwod Jo uoneNsSN[JI J1JeIS

5102[qo prjos a[durs Jo uoryensny[I drwWeuA(q

$100(qO owRIJ AIIM JO UOTJRXIS[I OTWRUA(
SUOTIRISYIOM UM SUIMIIA SATIORIU]

TORZI[ensI A Ul saj[iqede)) JUaIm)

456



(0as/sawresy (1 18 suodAtod 00001 =)
09s/suo3ATod J[OQT 01 3[G'() WOIJ SULIOPUSI SPI[OS

29S8/ Eooo 3008 01 (Y Woij ‘Jsuel] ‘pIo0d (J€
_  Somieay somdein)

mo;mz 0001 01 pL{ WIOIJ “WAW AIBRPUOIIS
SAIAGIN Z€ 01  WOIJ ATOUWIoW AIBWILI ]

SAOTIN 09 03 ['Q WolJ  I10s$001d YILry
SouolSAIYy 000Z 01 009 WOy 10Ssa001d [eIIU))

SOIMJBJ UOTIBISYIO A\ OISey

Te3d X SIJJ pauute[d SUONBISYIOA UT Sopelsd[)

457



QATJORISIUI SIOW UOTIBZI[eNSIA el 0) Sa3uey))

SUOTBISYIOM MAU JO d3ejUBRADE 9¥e) 0] SaZURY))
urez3oxd o13urs € OJUI SNPOU PO JO UOTRUIQUIO))

Te3 { S} pauue]q 21eMIJoS Ul sopersd|)

458



SURIPRIDIS G uRIpRIAS G/T | MIIA JO pIoyy

0as/sowrel ¢1 | (juapuadap dudds) ‘dsax "baxgy

IOpIO dures 9y} Jo| SIO[0O UOI[TW 9 'S91 I0[0D

IopIo owres o) Jd oIe Jjoonuiw [|  ‘soITeneds

JeapI,, JUAIIN)) AInjed

UOTISIA 10J
Teap],, IIm sonIfiqede)) Juaiin,) Jo uosueduwio))

459



Keydsip 6T JO MITA JO PIoL]

$0A2 ueuwIny JY} JO MIIA JO P[]

e

MIIA J

0 PPPT] JUAIAM) SA [6op] oY} JO UOSLIEdW0,)

460



UOTJIUZ0I3I IJI0A
[0IUOD WOPAJIJ JO 99I33p-9

" MN@UH:

pPIeOQASY pue asnoul
JUALIN))

[OXUO)) 9ATIORIAN] 0]

.[8SPL, [PIA SanIIqede)) JusIIn) jo uosedwo))

461



sarnjea] jueirodun ssof Surssarddns
pue saInjes] [eonLd SunysIysIy 10j s[00],

$2INJEaJ [EOTILID JO UOIORIXS I0] S[00],

SIEAM]JOS Ul SJUSWDAOIAUI] 0 [e1Iua]0d

462



sadeys xo[dwoo 19A0 SMO[J JO SUIMIIA SAT}ORISIUI
murad prnoys paumdoid 9q 0] SUOTIRISYIO A

sadeys o[dwirs 1040 sMOTJ a1
JO SUIMAIA dATIORIdUI JTuIad sUOTIBISYIOM JUSLIN)

SoNDTUYDI] PUD SUOTIN[OS JO SUIMIIA QATIORIOIUT
JUTINOI ) ST S[O0) "STA JO ISN JAIIIJJA ISOUW Y[,
sontfiqedes sisATeue pasoxduwr Aq parusnl usaq sey
S[00] UOTJRZI[ENSIA UI JSOAUL 0) UOISIOP SYN UL

SNOISN1"TONOD

463



&272]duio S[00T UODZIDNSIA
TS 2.1d 1110 SUIZIjIIN WOo1] ADM 3UO] D 31D I

| 00U9sS?,, 9} AeNs[[I 0} saNnbIUYI3) urdoraaap
Q0URSS9,, Y} 10BNXS 0] Sanbruydd) FurdoaAap
Sﬁ_io [ensiA SUTWOIISAO ST YSe) [eONLID 1SOUW YT,
QAT}ORISIUL QIOW SISATRUR [ENSIA 3} 9YeUl O]
saniqedes uoneISYIOM MIU JO 95eJUBAPE 9¥e) O3
padojoasp Suraq ST 212s1JOS JO UOTJBISUAS MIU Y

(penumiuod) SNOISNI'TONOO

464



COry-v69 (ST)
SE0Y6 VO ‘PISI NOIJON
I91UQ)) YOrasay Sowly YVSVN
7-86¢ doig ey
uos[q pIrojuinjy jed

SOPI[S 0aI191S

09pIA SIYSIYSTH D 8861
zoﬁombxo o.sumom ﬁoumaouﬁw uo ﬁomuu ﬁ.ﬁo,wﬁmum

S[eLIoJeUW UOHRZI[BNSIA OLJIJUSIOG

465

0191169 (S1)
CE0Y6 VO ‘Pl I_9IJOIN
I9JUQ)) [OIBISAY SoWY VSVN
9-8GT dOi1S BN
ueueyong AIRWISOY
SUOTIRISHIOM MU Y] I0] Juawdrnoolrd SYN







